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(57) Abstract 

Cellobiuronic acid may be prepared by hydrolysis of gellan. The method provides embodiments expressed in terms of amounts of 
cellobiuronic acid produced, amounts of gellan gum hydrolyzed and amounts of cellobiuronic acid present in fractions of a hydrolysate. 
The method may further include isolation of a separated fraction of the hydrolysate where the separated fraction comprises cellobiuronic 
actd. A preferred embodiment of the method includes hydrolyzing gellan gum with a protic acid under reaction conditions that convert at 
least 95 wt.% of the gellan gum to a hydrolysate comprised of cellobiuronic acid and monosaccharides and isolating a separated fraction of 
the hydrolysate where cellobiuronic acid comprises at least a 95 wt.% of saccharides in the separated fraction. 
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PREPARATION OF CELLOBIURONIC ACID FROM POLYSACCHARIDE 

TECHNICAL FIELD 

This invention relates to a method for preparing cellobiuronic acid, and 
more particularly to the hydrolysis of polysaccharide to prepare a hydrolysate that 
5 includes cellobiuronic acid. 

BACKGROUND OF THE INVENTION 

The gene encoding P-glucuronidase has gained widespread use as a 
versatile tool for use in a variety of recombinant DNA techniques. The most widely 
embraced utility of P-glucuronidase is as a reporter gene in P-glucuronidase-deficient 

10 cells for indicating patterns of gene expression mediated by sequence elements attached 
to the glucuronidase gene. In addition, it has been recognized that P-glucuronidase can 
play a role as a positive selection marker for cells carrying exogenous DNA containing 
an expressible glucuronidase gene. The utility of p-glucuronidase as selective marker 
relies on the fact that cells cannot grow on a p-glucuronide carbon source such as a 

15 glucuronide disaccharide unless p-glucuronidase is provided to cleave the P- 
glucuronide bond. The most useful example of such a disaccharide is cellobiuronic 
acid, which comprises p-glucuronic acid in [1-4] linkage to glucose. Only cells 
expressing p-glucuronidase can grow on a carbon source consisting only of 
cellobiuronic acid. 

20 Unlike the toxic agents commonly used in conjunction with negative 

selection markers in recombinant DNA techniques, cellobiuronic acid is non-toxic. 
Although methods related to the use of p-glucuronidase are well known, including 
methods for introducing P-glucuronidase genes into cells, and for assaying p- 
glucuronidase activity, see, e.g., U.S. Patent No. 5,599,670 to Jefferson, there are 

25 unfortunately few economical methods for preparing cellobiuronic acid. 

One known method of preparing cellobiuronic acid is by exposing 
cellulose to nitrous oxide. The exposure to nitrous oxide results in random oxidation of 
a portion of the glucose residues to glucuronic acid residues. Subsequent acid 
hydrolysis can be used to produce cellobiuronic acid, which may be purified from the 

30 reaction mixture. This method of preparing cellobiuronic acid is deficient for several 
reasons. The oxidation step involves the expense and difficulties inherent in 
performing a controlled oxidation in the presence of a toxic gas. Also, the physical and 
chemical properties of cellulose usually necessitate a pre-treatment step such as 
grinding, milling or steam explosion in order to allow optimal accessibility of the acid 
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to the fibrous material during acid hydrolysis. In addition, because the oxidation step is 
not readily controllable, the cellobiuronic acid produced after oxidation and then 
hydrolysis is part of a hydrolysate mixture that may contain several byproducts such as 
oligo-glucuronic acids of various lengths, glucuronic acid, and some gluconic acids. 

5 These negatively charged byproducts have chemical properties similar to cellobiuronic 
acid, which makes purification of cellobiuronic acid by simple procedures such as 
anion-exchange chromatography or crystallization more difficult and expensive than if 
cellobiuronic acid were the only negatively charged reaction product. 

The preparation of cellobiuronic acid from glucose via a synthetic 

10 oxidation approach is thus deficient for several reasons. Therefore, there is a need in 
the art to provide a simple method for the rapid and economical preparation of 
cellobiuronic acid. The present invention satisfies this need and provides other related 
advantages as disclosed further herein. 

SUMMARY OF THE INVENTION 

15 In one embodiment, the present invention provides a method of 

preparing cellobiuronic acid. The method includes the steps of exposing 
polysaccharide to partially hydrolyzing conditions to produce a hydrolysate that 
includes saccharides, where the saccharides include cellobiuronic acid; and isolating the 
cellobiuronic acid. The polysaccharide is formed from oxidized and nonoxidized 

20 monosaccharide residues where oxidized monosaccharide residues are not adjacent to 
one another, i.e., directly bonded together. In the polysaccharide, the oxidized 
monosaccharide residues provide at least 10% of the total number of residues. 

In another embodiment, the invention provides a method of hydrolyzing 
polysaccharide. The method includes the step of contacting polysaccharide with a 

25 hydrolyzing agent selected from acid, base and hydrolytic enzyme, under conditions 
that provide a hydrolysate that includes disaccharide and monosaccharide. The 
disaccharide includes cellobiuronic acid, and the cellobiuronic acid is present in the 
hydrolysate at a concentration of at least 5 wt% based on the total weight of 
polysaccharide. Preferably, the polysaccharide has not previously been subjected to 

30 oxidizing conditions such as nitric oxide oxidation. 

In another embodiment, the invention provides a method of hydrolyzing 
gellan. The inventive method includes the steps of contacting gellan with an aqueous 
composition having a pH between 2 and 7, under conditions effective to partially 
hydrolyze the gellan to cellobiuronic acid, and separating the cellobiuronic acid from 

35 water. 



,1 



WO 00/08039 



3 



PCT/US99/17804 



These and other embodiments of the present invention will become 
evident upon reference to the following detailed description and examples. In addition, 
various references as identified herein which describe in more detail certain procedures 
or compositions (e.g., gellans, etc.), are incorporated by reference in their entireties. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The reader's understanding of this invention will be enhanced by 
reference to the following detailed description taken in combination with the attached 
figures, wherein: 

FIGURE 1 illustrates the structure and acid hydrolysis chemistry of 

10 Gellan gum. 

FIGURE 2 A show TLC analysis of Gellan gum before (/) and after (2) 
acid hydrolysis. The major hydrolysis products were Rha, Glc, and a third compound 
which was assumed to be Cba. 

FIGURE 2B shows GC-MS analysis of purified putative Cba displaying 
1 5 two closely eluting compounds with identical molecular weight. 

FIGURE 3A shows the ] H-NMR spectrum of Cba (500 MHz, D 2 0, 
25°C). The insert (FIGURE 3B) displays the region of the spectrum that contains 
anomeric proton resonances. 

DETAILED DESCRIPTION OF THE INVENTION 
20 The present invention provides a method of preparing cellobiuronic acid 

from a polysaccharide. The method of the invention will be described after a brief 
description of cellobiuronic acid and the polysaccharides used to prepare the 

cellobiuronic acid. 

Cellobiuronic acid is the name by which the disaccharide having the 

25 following structure (I) is commonly known: 




OH 
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In the literature, the disaccharide of structure (1) is sometimes referred to 
by other names, including cellobiouronic acid, 4-0-(P-D-glucopyranuronosyI)-D- 
glucose, and p-glucuronosyl[l-4]glucose). See, e.g., Carbohydrates, P.M. Collins, ed. 
Chapman and Hall, page 1 17, 1987. Regardless of the name, as shown in structure (I), 

5 cellobiuronic acid is a disaccharide formed between D-glucopyranuronic acid in P- 
linkage to a D-glucose, where the p-linkage is through carbon number 1 of D- 
glucopyranuronic acid and carbon number 4 of glucose (as identified in the structure 
(I)). A p linkage from a glucuronic acid to another sugar moiety (as seen in 
cellobiuronic acid) is referred to herein as a P-glucuronide linkage. 

10 For clarity, it is noted that D-glucopyranuronic acid is a member of the 

uronic acid family of sugars, and is commonly known by several other names including 
"the pyranose form of D-glucuronic acid." Because the pyranose form of D-glucuronic 
acid is far more common than other forms, D-glucopyranuronic acid is often referred to 
simply as M D-glucuronic acid". D-glucopyranuronic acid, and saccharides containing 

15 D-glucopyranuronic acid such as cellobiuronic acid, are referred to herein as "oxidized" 
saccharides because they contain a carboxylic acid or carboxylic ester substituent. 

The polysaccharide useful in the present invention comprises 
cellobiuronic residues, where a cellobiuronic acid residue is shown in structure (II). In 
structure (II), the wavy lines indicate attachment to adjacent saccharide residues. The 

20 term "R M in structure (II) designates either a hydrogen or an alkyl group, so that the 
residue of structure (II) is either a carboxylic acid or an ester, respectively. A suitable 
alkyl group has 1-10 carbon atoms, where the carbons may be connected in a cyclic, 
acyclic, linear or branched fashion. Methyl is a suitable R group. 



25 




The polysaccharide useful in the invention contains a high proportion of 
cellobiuronic residues, and can generally be described as a high cellobiuronic acid- 
containing polysaccharide. More specifically, cellobiuronic residues will constitute at 
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least 5% of the entire weight of the polysaccharide. The cellobiuronic residues will 
preferably constitute more than 5% of the entire weight of the polysaccharide (i.e., 
more than 5 wt%), with preferred amounts being at least 10 wt%, at least 25 wt%, at 
least 33 wt%, at least 50 wt%, at least 66 wt%, at least 75 wt%, and 100 wt%, including 

5 ranges bracketed by any two of these percentage values. Other monosaccharide 
residues in the polysaccharide may be derived from, for example, glucose, fructose, 
galactose, mannose and rhamanose. 

The polysaccharide useful in the invention will preferably not contain 
adjacent oxidized monosaccharide residues. That is, two carboxylic acid or ester- 

1 0 substituted monosaccharide residues are preferably not directly bonded together (to one 
another) in the polysaccharide useful in the invention. As noted above, one 
disadvantage of using the oxidation product of glucose and nitrous oxide as a precursor 
to cellobiuronic acid is that the oxidation is very hard to control, and results in random 
oxidation of glucose residues such that adjacent monosaccharide residues become 

15 oxidized. The presence of adjacent oxidized monosaccharide residues in a hydrolysate 
renders purification of the desired cellobiuronic acid very difficult, particularly when 
that purification is by anion exchange chromatography. For this reason, the present 
invention preferably employs a polysaccharide without adjacent oxidized 
monosaccharide residues. 

20 Optionally, the polysaccharide useful in the present invention has not 

undergone any synthetic oxidation reaction, such as nitrous oxide oxidiation, prior to 
the hydrolysis reaction that liberates the cellobiuronic acid. Nitric oxide oxidation of 
glucose has been reported to generate an oxidized polysaccharide containing nitrogen. 
In one embodiment, the present invention employs a polysaccharide that does not 

25 contain any nitrogen atoms. 

In optional embodiments, the oxidized monosaccharide residues 
constitute at least 10 wt%, or at least 20 wt%, or at least 25 wt%, or at least 30 wt%, or 
at least 33 wt%, or at least 40 wt%, or at least 50 wt% of the monosaccharide residues 
present in the polysaccharide. In other optional embodiments of the present invention, 

30 at least 90 wt,%, or at least 95 wt%, or at least 97 wt%, or at least 99 wt% , or 100% of 
the oxidized monosaccharide residues present in the polysaccharide are glucuronic acid. 
In other optional embodiments, at least 90 wt%, or at least 95 wt%, or at least 97 wt%, 
or at least 99 wt%, or 100 wt% of the glucuronic acid residues present in the 
polysaccharide are in p[l,4]-linkage to a glucose residue. Generally, it is desirable for 

35 all, or nearly all of the oxidized monosaccharide residues to be derived from glucuronic 
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acid, and for all, or nearly all of the glucuronic acid residues to be in p[l-4]linkage to a 
glucose residue, in order to maximize the yield of purified cellobiuronic acid. 

A preferred polysaccharide that may be used in the method of the 
invention is gellan. Gellan has been described in the literature, and certain forms of 

5 gellan are commercially available. For example, gellan is described in Kennedy, J.F., 
Carbohydrate Chemistry, page 630 (1988) Clarendon Press, Oxford, as an extracellular 
anionic polysaccharide produced by the bacterium Pseudomonas elodea (ATCC 
31461). According to Kennedy, gellan from this source is a partially Oacetylated 
linear polymer of D-glucose, L-rhamanose, and D-glucuronic acid, which has the basic 

10 repeating unit, excluding acetyl groups, of ->3)-p-D-Glc/7-(l->4)-P-D-GlqpA-(l-)4)-P- 
D-Glc/?-(l->4)-a-L-Rhap-(l->, which may also be written as GlcA 1-4 Glu 1-4 Rha 1-3 
Glu, where "GlcA" represents glucuronic acid, "Glc" represents glucose and "Rha" 
represents rhamanose. In gellan, 33% of the monosaccharide residues are oxidized 
monosaccharide residues, and cellobiuronic residues constitute 66 wt% of the 

15 monosaccharide residues in the polysaccharide. Figure 1 illustrates a portion of the 
structure of Gellan gum, and in particular identifies the pyranosidic and uronosidic 
bonds present in Gellan gum. 

Gellan is also described in Aspingall {The Polysaccharides, vol. 2, 
Academic Press, 1983, page 479) as obtained from Pseudomonas elodea and contains a 

20 glucose:rhamanose ratio of 2:1. Aspingall states that gellan could be obtained from 
Kelco, Division of Merck & Co., Inc. as PS-60. PS-60 is available in three grades: 
(a) "native", which contains 11% uronic acid, 3% acetylated uronic acid, 10% protein, 
7% ash, and a 2:1 ratio of glucose to rhamanose; (b) "deacetylated", which contains 
13% uronic acid, no acetylated uronic acid, 17% protein and 8% ash, with a 2: 1 ratio of 

25 glucose to rhamanose; and (c) "deacetylated and clarified", which contains 22% uronic 
acid, no acetylated uronic acid, 2% protein, 9.5% ash, and a 2:1 ratio of glucose to 
rhamanose. "Clarified" gellan is described below. 

Gellan is also described in the following references: U.S. Patent Nos. 
4,326,052; 4,326,053; 4,377,636; and 4,385,123. Other descriptions of gellan may be 

30 found in, for example, Jansson et al., Carbohydr. Res. 124, 135, 1983; and Sanderson et 
al. Progress in Food and Nutrition Science, vol. 7, (eds. G.O. Phillips, et al.) p. 201, 
Pergamon Press, Oxford, 1984. 

Certain gellans are currently commercially available, and a preferred 
gellan of the present invention is known commercially as GELRITE™. GELRITE™ is 

35 derived from a naturally occurring polysaccharide after deacetylation and 
"clarification", where clarification refers to a process wherein polypeptide is fully or 
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partially removed from the polysaccharide. GELR1TE™ is available from a variety of 
sources including, for example, Sigma Chemical Co., St. Louis, MO. Essentially the 
same material is also available from Sigma Chemical under the tradename 
PHYTAGAR™. 

5 Gellan selected from native gellan gum, clarified gellan gum, 

deacetylated gellan gum, or in a preferred embodiment, gellan gum that is both clarified 
and deacetylated, and the like may be used in the present invention. Thus, gellan as 
used in the present invention is a polysaccharide that incorporates repeating residues 
derived from the disaccharide cellobiuronic acid or derivatives of cellobiuronic acid 

10 such as acetylated cellobiuronic acid or esterified cellobiuronic acid. Furthermore, and 
of importance to the present invention, gellan does not contain any oxidized 
monosaccharide residues except those derived from glucuronic acid, and the oxidized 
residues are not adjacent to one another (i.e., not bonded together) in the 
polysaccharide. 

1 5 The present invention provides a method of preparing cellobiuronic acid 

wherein polysaccharide (e.#., gellan) is hydrolyzed to produce a hydrolysate that 
includes saccharides including cellobiuronic acid. When the polysaccharide is gellan, 
the saccharides will also include glucose and rhamanose, as illustrated in Figure 1 At 
least some of the cellobiuronic acid is then isolated from the other saccharides. The 

20 hydrolysis conditions are selected with a view toward optimizing the amount of 
cellobiuronic which is formed. Thus, the hydrolyzing agent, time, temperature, reagent 
and reactant concentrations, and other features of the hydrolysis reaction are preferably 
selected in order to achieve a high yield of cellobiuronic acid. It should be noted that 
the hydrolysis conditions of the invention are only "partially hydrolyzing" in order that 

25 the disaccharide cellobiruonic acid is not hydrolyzed to monosaccharides. 

The extent of hydrolysis can be measured and described in several ways. 
A convenient description is in terms of the amount of disaccharide present in the 
hydrolysate. As discussed below, and in comparison to other disaccharides that may be 
obtained from the polysaccharide, cellobiuronic acid is particularly resistant to 

30 hydrolysis. Thus, in the practice of the present invention, it is desirable to maximize 
the amount of disaccharide present in a hydrolysate. The present invention provides a 
method wherein the hydrolysate contains at least 20 wt% disaccharide based on the 
total weight of saccharide present in the hydrolysate. As used herein, "the total weight 
of saccharide" refers to the total weight of mono-, di-, oligo-, and polysaccharides 

35 present in the hydrolysate. When deacetylated and clarified gellan is used as the 
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starting polysaccharide, the "total weight of saccharide" will essentially equal the 
weight of gellan used in the hydrolysis reaction. 

Optionally, the hydrolysate contains more than 20 wt% disaccharide, 
and may contain at least 30 wt% or at least 40 wt% or at least 50 wt% disaccharide, or 
5 at least 66 wt%, or at least 75 wt%, or 100 wt% based on the total weight of saccharide 
in the hydrolysate. As explained above, native and other "non-clarified' 1 gellans contain 
a protein residue, and thus will afford a lower yield of cellobiuronic acid, if the yield is 
based on the weight of such a gellan. Thus, in terms of the gellan itself, the invention 
provides that the hydrolysate contains at least 10 wt% disaccharide, and more 
10 preferably contains at least 20 wt%, or at least 30 wt%, or at least 40 wt%, and more 
preferably at least 50 wt% or at least 60 wt% disaccharide. 

It is preferred not to hydrolyze the gellan too extensively, or else the 
cellobiuronic acid is converted into monosaccharides. The total of the monosaccharides 
and disaccharides in the hydrolysate after the partial hydrolysis is preferably at least 50 
15 wt%, more preferably at least 70 wt%, and still more preferably at least a 90 wt%, 
based on the total weight of the saccharides in the hydrolysate. Based on the weight of 
the starting polysaccharide, the total of the monosaccharides and disaccharides in the 
hydrolysate after the partial hydrolysis is preferably at least 50 wt%, more preferably at 
least 70 wt%, and still more preferably at least 90 wt%. 
20 Alternatively, the amount of hydrolysis may be expressed by a weight 

fraction of oxidized disaccharide present in a fraction that contains oxidized saccharides 
provided by the hydrolysis. Typically, the hydrolysis reaction will convert any ester 
groups present in the polysaccharide into carboxylic acid groups. The carboxylic acid 
groups will be "anionic" in the sense that they bear a negative charge under basic 
25 conditions. Thus, the hydrolysate may be characterized in terms of its content of 
anionic saccharide. 

After the hydrolysis reaction, the hydrolysate may be eluted through an 
anion exchange resin to separate carboxylic acid-containing ("anionic") saccharides 
from nonionic saccharides. The weight of the separated anionic saccharides is the 
30 weight of the "anionic saccharides fraction". The content of the anionic saccharides 
fraction may then be determined, in terms of wt% monosaccharides, disaccharides, etc., 
using an LC (liquid chromatography) detector, which examines the fraction by, for 
example, refractive index. The present invention provides a method wherein at least 50 
wt% of the anionic saccharide fraction is disaccharide, preferably at least 80 wt% is 
35 disaccharide, and more preferably at least 95 wt% of the anionic saccharides fraction is 
disaccharide. Preferably, the disaccharide in the anionic fraction is entirely, or nearly 
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entirely cellobiuronic acid, so that the present invention provides a method wherein at 
least 50 wt% of the anionic saccharides fraction is cellobiuronic acid, preferably at least 
80 wt% is cellobiuronic acid, and more preferably at least 95 wt% of the anionic 
saccharides fraction is cellobiuronic acid. 
5 The content of the hydrolysate may be determined by any of several 

methods known in the art. One convenient method is liquid chromatography, wherein 
the hydrolysate is injected onto a chromatography column that discriminates on the 
basis of molecular weight, and a detector analyzes the eluent as a function of time. 
These types of chromatography devices are commercially available from, e.g., Water 
1 0 Associates and Hewlett-Packard. 

A preferred hydrolysis reaction of the present invention employs 100 
wt% of deacetylated and clarified gellan and provides a hydrolysate that contains 50 
wt% cellobiuronic acid and 50 wt% monosaccharides, which are typically glucose and 
rhamanose. However, the invention also provides methods wherein gellan is either 
15 under-hydrolyzeds or over-hydrolyzed with respect to the preferred hydrolysis reaction. 
Under-hydrolysis provides for anionic saccharides other than cellobiuronic acid, which 
include glucuronide-containing oligosaccharides of three or more residues. In over- 
hydrolysis, the anionic saccharides include glucuronic acid. This difference in 
compositions of the anionic saccharides resulting from under-hydrolysis or over- 
20 hydrolysis provides a basis to test and adjust hydrolysis conditions so as to approach the 
preferred hydrolysis reaction. 

Thus, the hydrolysate may be fractionated on the basis of charge. That 
is, the anionic saccharides may be separated from the nonionic saccharides, using, for 
example, anion exchange chromatography or precipitation methods. Then the fraction 
25 containing the anionic saccharides may be analyzed in terms of molecular weight, 
using, for example, liquid chromatography as described above, and the relative amounts 
of anionic monosaccharide, disaccharide, trisaccharide, etc. determined. Multiple 
reactions may be run, under various reaction condition, in order to identify the 
preferred set of reaction conditions to produce a high yield of anionic disaccharide, 
30 which is cellobiuronic acid. 

In general, the only anionic saccharides that may be present in gellan 
and hydrolysis products thereof are glucuronic acid, cellobiuronic acid and 
oligosaccharides of three or more residues where at least one residue is glucuronic acid. 
Various methods are well known for assessing the relative amounts of these anionic 
35 species, as well as for distinguishing glucuronic acid from glucuronide 
oligosaccharides. These methods include, but are not limited to, reaction with 
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napthorescorcinol, reaction with bicinchoninate reagent, potassium iodide oxidation, 
reaction with carbazole, decarboxylation with hydrochloric acid and combinations of 
these and other reactions. Similarly, there are a variety of methods for analyzing the 
neutral saccharide content of a sample. Such methods may be used alone or in 
5 combination with other methods for analyzing saccharides in order to identify and 
quantify the anionic species and other saccharides resulting from the hydrolysis of 
gellan. 

There are also numerous methods known to those of ordinary skill in the 
art for analyzing the saccharide content of a hydrolysate mixture by separation 

10 techniques. Among the most common methods are thin layer chromatography, paper 
chromatography, paper electrophoresis, high pressure liquid chromatography (HPLC), 
analytical ion exchange chromatography, gas chromatography, mass spectroscopy, and 
combinations thereof. Use of any one or more of these methods may be employed in a 
simple test for identifying suitable reaction conditions for the preparation of 

15 cellobiuronic acid according to the present invention. An example of such a test is an 
anion exchange procedure that yields a broad separation of cellobiuronic acid from 
monouronic acids and other anionic saccharides, as described by Moopper Separation 
of Uronic Acids in Acetate Medium and Detection with a Noncorrosive Reagent, 
Analyt. Biochem. 86, 597-601 (1978). Other suitable tests may be found in, e.g., 

20 Methods in Plant Biochemistry, Vol. 2, Carbohydrates, P.M. Dey and IB. Harborne 
Academic Press (1990). 

Suitable methods that may be used to test for the presence of 
glucuronides in particular may be found in, for example, Glucuronic Acid, Free and 
Combined, Chap. 1, Section V, Separation of Uronic Acids, G. Dutton, Academic Press 

25 (1966). In addition, a variety of procedures applicable to the separation of saccharides 
may be readily obtained from vendors of chromotography media and equipment such as 
BioRad, Sigma, Waters, Pharmacia and others. Any procedure that allows quantitative 
estimation of saccharide reaction products in a hydrolysate may be used to optimize 
reaction conditions to achieve a hydrolysate of the present invention. Such procedures 

30 may be made particularly useful for the present invention when they are calibrated with 
standards representing expected anionic hydrolysis products of gellan gum, which may 
include; for example, glucuronic acid, cellobiuronic acid, and glucuronide 
oligosaccharides of three or more residues. 

An important feature of the hydrolysis reaction of the present invention 

35 is the selection of the hydrolyzing agent. Preferred hydrolyzing agents should cleave 
the bond between adjacent monosaccharide residues, while retaining the integrity of the 
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monosaccharides themselves. Preferred hydrolyzing agents include protic acid and 
hydrolytic enzymes. For embodiments using a hydrolytic enzyme, any of a variety of 
known hydrolytic enzymes may be used. The enzyme should be capable of 
hydrolyzing both a (J-glucosyl-glucose bond and a p-glucosyl-glucuronic acid bond, but 
5 is preferably not capable of hydrolyzing the p-glucuronosyl-glucose bond of 
cellobiuronic acid. One useful resource for finding suitable enzymes is the annually 
updated publication Carbohydrate Chemistry-Specialist Periodical Reports, Vols. 4-15, 
Part 11 Chapter 6, J.F. Kennedy, (1971 onward). Suitable enzymes include, without 
limitation, cellulases, cellobiohydrolases, f}-glucosidases, glucoamylases and glucanses. 
10 Enzymes and techniques that may be used to hydrolyze gellan are disclosed in, for 
example, U.S. Patent No. 4,958,016. As discussed above, suitable hydrolysis reaction 
conditions may be determined by analysis of hydrolysis products using methods known 
to those of skill in the art. 

In a preferred embodiment, the hydrolyzing agent is at least one protic 
1 5 acid. The protic acid may be selected from a mineral acid and an organic acid, and may 
be used to provide a composition at a pH between 2 and 7 that includes gellan and 
water. Suitable protic acids include, but are not limited to, mineral acids such as 
hydrochloric acid, sulfuric acid, phosphoric acid, and hydrofluoric acid; and organic 
acids such as trifluoroacetic acid and alkyl or aryl-sulfonic acids. In a preferred 
20 embodiment of the invention, the protic acid is sulfuric acid or an alkyl-sulfonic acid. 
General reaction conditions for polysaccharide hydrolysis using alkyl-sulfonic acids 
may be found in, for example, U.S. Pat. No. 3,901,874. 

As noted above, the difference in acid lability between the glucuronide 
bond and other glycosidic bonds in gellan can be exploited in order to optimize the 
25 amount of cellobiuronic acid present in the hydrolysate. Glycosidic bonds between 
sugar residues in a polysaccharide vary greatly in susceptibility to acid hydrolysis with . 
an order of increasing acid stability of furanoside < pyranoside < deoxyhexoside < 
hexoside < uronoside (Stephans et al., Methods m Plant Biochemistry, vol 2 
Carbohydrates, p. 496). Gellan consists of both uronoside and pyranoside bonds while 
30 cellobiuronic acid has only a uronoside bond, allowing hydrolysis of gellan under 
conditions that cleave essentially all pyranoside bonds and leave intact essentially all 
uronoside bonds. In the practice of the present invention, reaction conditions for the 
hydrolysis of gellan may be found that most optimally exploit the different acid 
labilities between the pyranoside bonds of gellan gum and the uronoside bond of 
35 cellobiuronic acid. 
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In addition to the identity of the hydrolyzing agent, other reaction 
conditions such as gellan concentration, concentration of hydrolyzing agent, 
temperature, pressure and reaction time may be selected so as to provide the amount of 
hydrolysis described in various embodiments of this invention. These reaction 
5 conditions are interdependent, and a suitable set of reaction conditions may be readily 
determined while monitoring the hydrolysis reaction by techniques described herein so 
as to provide a desirable hydrolysate. 

In another aspect of this invention, any of the methods described above 
may further include isolating a separated fraction of the hydrolysate wherein the 
10 separated fraction includes cellobiuronic acid. One embodiment of this method 
includes preparing cellobiuronic acid by hydrolyzing a gellan with a protic acid to 
produce a hydrolysate under reaction conditions wherein at least 5 wt% of the gellan 
gum is converted to cellobiuronic acid and subsequently isolating a separated fraction 
of the hydrolysate, wherein the separated fraction includes cellobiuronic acid. In one 
15 embodiment, at least 50 wt% of saccharidess in the separated fraction are cellobiuronic 
acid, while in more preferred embodiments, cellobiuronic acid constitutes at least 80 
wt% , or at least 95 wt% of the saccharidess in the separated fraction. 

In still other embodiments, at least 20 wt% of the gellan gum is 
converted to cellobiuronic acid and at least 80 wt% of saccharides in the isolated 
20 fraction is cellobiuronic acid. In a more preferred embodiment, at least 40 wt% of the 
gellan gum is converted to cellobiuronic acid and at least 95 wt% of saccharides in the 
isolated fraction is cellobiuronic acid. In a more preferred embodiment, about 50 wt% 
of the gellan gum is converted to cellobiuronic acid and at least 98 wt% of saccharides 
in the isolated fraction of the hydrolysate is cellobiuronic acid. 
25 In another embodiment, the invention provides a method of hydrolyzing 

polysaccharide which includes the step of contacting polysaccharide with a hydrolyzing 
agent selected from acid, base and hydrolytic enzyme, under conditions that provide a 
hydrolysate which will contain disaccharide and monosaccharide. The disaccharide 
includes cellobiuronic acid, and the cellobiuronic acid is present in the hydrolysate at a 
30 concentration of at least 5 wt% based on the total weight of polysaccharide. The 
polysaccharide has preferably not previously been subjected to oxidizing conditions, 
such as nitric oxide oxidation. 

The isolation of a separated fraction of the hydrolysate may be 
accomplished by standard techniques. Suitable techniques include at least one of 
35 chromotography, crystallization and precipitation. As used herein, chromotography 
includes all methods known in the art for separating compounds by differential partition 
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between a stationary and a mobile phase. Examples include, but are not limited to, thin 
layer chromotography, size exclusion chromotography, ion chromotography, liquid 
chromotography, gas chromotography, paper chromotography, and electrophoresis. As 
used herein, the term precipitation refers to the formation of an insoluble composition 

5 from a solution that includes dissolved solutes. As used herein, the term crystallization 
refers to a type of precipitation, where crystallization provides for an insoluble 
composition that is at least partly in the form of crystals. 

In one embodiment, the isolation of a separated fraction of the 
hydrolysate is accomplished by anion exchange chromatography. In another preferred 

10 embodiment, isolation is accomplished by crystallization. In another embodiment, 
isolation is accomplished by precipitation. In still other embodiments, isolation is 
accomplished by a procedure that includes a combination of at least two of 
chromatography, crystallization and precipitation. 

In embodiments of the present invention that include isolating a 

15 separated fraction by anion exchange chromotography, a preferred isolation procedure 
is to contact the hydrolysate mixture with an anion exchange media to form a bound 
fraction containing cellobiuronic acid, and an unbound fraction. The media may be 
washed with a wash solution that removes the unbound fraction, and then cellobiuronic 
acid is eluted from the anion exchange media by contacting the same with an elution 

20 solvent containing a substitute anion. The cellobiuronic acid may then be recovered 
from the elution solvent by crystallization, evaporation, precipitation or other 
conventional technique. In this way, an anionic fraction that includes cellobiuronic 
acid is isolated from a neutral fraction that contains one or more monosaccharides. 
Any of crystallization, evaporation or precipitation may be used to provide the 

25 cellobiuronic acid is a solvent-free form. 

There are many available anion exchange media suitable for the practice 
of this invention, for example, those contained in the list of anion exchange resins 
supplied by Sigma Chemical Company under the heading "Chromotography, Ion 
Exchange" in their catalog. It is preferred, but not necessary that the anion exchange 

30 media be one known or characterized as a "weakly basic" anion exchanger rather than a 
"strongly basic" exchanger because strongly basic resins may cause unwanted reactions 
with bound species, such as additional hydrolysis or decomposition into smaller organic 
molecules. It is also preferred that the anion exchange resin be inexpensive, easy to 
manipulate and easy to regenerate. 
35 A preferred embodiment of the present invention employs an anion 

exchange resin such as Amberlite™ IRA 96 or Dowex™ 66, each having polyamine 
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functional groups attached to a polystyrene resin. Many procedures operated in batch 
or by column containment can be designed for isolating a cellobiuronic acid-containing 
fraction using anion exchange procedures. 

In embodiments of the present invention that employ isolating a 

5 separated fraction by crystallization or precipitation, any of several procedures familiar 
to those of skill in the art may be employed. In the case of reaction conditions which 
may be characterized as under-hydrolysis, isolating a separated fraction may include a 
first step of precipitating an oligosaccharide fraction. A common method for 
precipitation of an oligosaccharide fraction is by the addition of 2 to 20 volumes of a 

10 water miscible organic solvent to 1 volume of a hydrolysate, followed by 
centrifugation, filtration or other method of collecting the precipitate. Typical water 
miscible solvents include, but are not limited to ethanol, propanol, and acetone. 

In cases where precipitation of oligosaccharide fraction is desired, the 
pH of the hydrolysate, and an amount of water miscible solvent, can each be selected in 

15 order to maximize the precipitation of oligosaccharides having three or more residues, 
and minimize the precipitation of cellobiuronic acid. Typically in such cases, the 
hydrolysate is adjusted to a pH which will cause a fraction of glucuronide residues to 
acquire a partial anionic charge so that, upon addition of the polar organic solvent, 
neutral oligosaccharides and partially charged oligosaccharides of greater than three 

20 residues will preferentially precipitate with respect to cellobiuronic acid. Similarly, the 
amount of polar organic solvent added may be adjusted to optimize the preferential 
precipitation. Typically, 2 to 10 volumes of polar organic solvent will preferentially 
precipitate oligosaccharides of greater than three residues. Precipitation conditions may 
be tested by the same types of procedures as described above, but applied to testing the 

25 saccharide content of the precipitate and the supernatant that remains. 

When precipitating an oligosaccharide fraction is used as a first step 
toward isolating a separate fraction, a subsequent step may include chromotography or 
a further precipitation or crystallization of cellobiuronic acid. In one embodiment, 
precipitation of cellobiuronic acid may also be accomplished by the use of a pH 

30 adjustment and a water miscible organic solvent, as described above. In a preferred 
embodiment, the pH of the solution containing cellobiuronic acid may be adjusted so as 
to neutralize the charged on glucuronide residues, and 5 to 20 volumes of the polar 
organic solvent are added to one volume of a solution containing cellobiuronic acid. 

Other methods of precipitation or crystallization may be employed in the 

35 practice of this invention. In some embodiments, precipitation or crystallization may 
comprise as a single step of isolating a separated fraction comprising cellobiuronic acid. 
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In other embodiments, precipitation or crystallization may comprise a step subsequent 
to one or more prior steps, where the prior steps may be chromotography, precipitation 
or crystallization of a saccharides fraction. 

In one embodiment, precipitation or crystallization is accomplished by 

5 the addition of a precipitating agent directly to the hydrolysate obtained after 
hydrolysis. The precipitating agent may be a salt of an alkali or alkaline earth metal. 
In another embodiment the precipitating agent may be a cetyltrimethylammonium 
halide or a cetyl pyridinium halide. In a preferred embodiment, the precipitating agent 
is selected from a hydroxide agent of barium, calcium, and magnesium. In a more 

10 preferred embodiment, the precipitating agent is barium hydroxide. 

The methodology described herein is useful for the preparation of 
cellobiuronic acid from polysaccharide on a large {e.g., industrial) scale, so that 
commercial, /.e., multi-gram quantities of cellobiuronic acid may be economically 
prepared. For example, it is possible to provide a hydrolysate comprising at least 100 

15 grams of cellobiuronic acid, or at least 1,000 grams of cellobiuronic acid, according to 
the present invention. Thus, the present invention provides methodology for isolating 
hundreds or even thousands of grams of cellobiuronic acid essentially free from 
monosaccharides such as rhamanose and glucose. As used herein, "essentially free" 
means that the cellobiuronic acid constitutes at least 95%, preferably at least 98%, more 

20 preferably at least 99%, still more preferably at least 99.5% of the entire weight of the 
cellobiuronic acid + monosaccharides, where these weight percent values may be 
determined by calibrated liquid chromatography. 

One of ordinary skill in the art will recognize variations in the 
methodology of this invention that may also accomplish the preparation of 

25 cellobiuronic acid from polysaccharide. Accordingly, the following examples are 
presented for purposes of illustration, not limitation. 

As used herein, the following abbreviations have the indicated 
meanings: Cba, Cellobiuronic acid; COSY, correlation spectroscopy; GC-MS, gas 
chromatography coupled to mass spectrometry; Glc, glucose; GlcA, glucuronic acid; 

30 HOAc, acetic acid; NaOAc, sodium acetate; nBuOH, n-butanol; NMR, nuclear 
magnetic resonance; Rha, rhamanose; TOCSY, total correlation spectroscopy. 
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EXAMPLES 
EXAMPLE 1 

5 Determining hydrolysis conditions for preparation of 

cellobiuronic acid from gellan gum by hydrolysis with sulfuric acid 

A solution of 2.5% deacetylated and clarified gellan is prepared by 
dissolving 2.5 grams of GelRite™ in 100 ml of water and heating to 100°C for 5 

10 minutes. A 5 ml sample of the resulting solution is dispensed into 8 reaction tubes, 
each containing 5 ml of sulfuric acid at different concentrations representing a two fold 
dilution series from 64% to 1% v/v giving final reaction concentrations in the range of 
32% to 0.5%. The reaction tubes are sealed, reflux boiled for 1 hour, then cooled to 
room temperature to form a hydrolysate mixture. Aliquots of each hydrolysate 

15 mixture are applied to a Lichrosorb™-NH 2 HPLC column (Merck Corp.), and the 
column is developed in a solution of acetonitrile/H 2 0 (80:20 v/v). The elution 
characteristics of the column may be previously characterized using calibration 
standards containing the neutral monosaccharides glucose, ihamanose, and the anionic 
saccharides glucuronic acid, cellobiuronic acid, glucuronosyl-glucosyl-rhamanose, 

20 glucuronosyl-glucosyl-rhamanoyl-glucose and an unhydrolyzed sample of GelRite™. 

Quantitative assessment of the reaction conditions is made by comparing 
the elution profiles of products obtained from each reaction condition to a profile 
obtained from calibration standards. Samples from the elution profile are also analyzed 
for uronic acid content by the carbazole method. 

25 

EXAMPLE 2 

Hydrolysis of gellan gum and isolation of a separated fraction containing 
cellobiuronic acid by anion exchange chromotography 



30 A hydrolysate is prepared by hydrolyzing 1.0 gram of deacetylated and 

clarified gellan gum in 50 ml of 10% sulfuric for 1 hour with reflux boiling. The 
hydrolysate is diluted 20-fold with water and the pH adjusted to about 7 by titration 
with ammonium hydroxide in the presence of an indicator dye. The supernatant is 
mixed and applied to a column containing 10 g of Dowex 66 (Sigma Chemical Corp.) 

35 pre-equilibrated with 0.05 M ammonium acetate pH 7. The column is washed with 100 
ml of 0.05 M ammonium acetate pH 7 to remove unbound components. The column is 
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then eluted with 50 ml of 0.15 N acetic acid. The eluent is titrated with a solution of 
barium hydroxide until the mixture is just acidic to phenylphthalein. Approximately 
450 ml of ethanol is added to the titrated mixture, and a precipitate is formed after 
standing for 30 min. The precipitate is recovered by filtration and dried. 

5 

EXAMPLE 3 
HYDROLYSIS OF GELLAN GUM WITH SULFONIC ACID 
AND ISOLATION OF A FRACTION CONTAINING CELLOBIURONIC ACID 

10 Five grams of a silica gel ("Cab-O-Sill", grade H-5, Cabot Company) is 

thoroughly mixed with 95 grams of dry, deacetylated and clarified gellan. To this is 
sprayed 20 ml of an isopropanol solution containing 5 g of dissolved alkylbenzene 
sulfonic acid ("Conoco" SA-597, technical grade). The mixture is vigorously stirred 
during addition of the spray. The isopropanol is evaporated, and the dried composition 

15 is ball-milled for 30 minutes to thoroughly pulverize agglomerate particles. The 
pulverized material is added to a pressure vessel, and heated to 100°C for 8 hours to 
form a hydrolysate. The hydrolysate is dissolved in 1000 ml of water and filtered to 
remove insoluble materials. The filtered material is mixed with 3 liter of ethanol and 
allowed to stand until a precipitate forms. The precipitate is isolated by filtration and a 

20 second filtrate is recovered. The pH of the second filtrate is adjusted to a pH of about 7 
with barium hydroxide. The pH adjusted filtrate is then mixed with an additional 13 
liter of ethanol and allowed to stand until a second precipitate forms. The second 
precipitate is recovered by filtration and redissolved in 500 ml of water. This solution 
is mixed with of 8 liter of methanol until insoluble crystals form. The crystals are 

25 recovered by filtration and dried. 

EXAMPLE 4 

ACID HYDROLYSIS OF GELLAN GUM FOLLOWED BY PURIFICATION 
OF CELLOBIURONIC ACID BY ION EXCHANGE CHROMATOGRAPHY 

30 

Acid hydrolysis of Gellan gum. 42.3 g of Gellan gum (Gelrite, Sigma 
No. G-1910) were dissolved at room temperature in 40 mL of 72 % H 2 S0 4 . After 
about 30 min, the solution was diluted to 500 mL, which gives an 8 % Gellan gum 
solution in 2 N H 2 S0 4 . After acid hydrolysis at 95-100°C for 4 h, the solution was 
35 filtered through 2 layers of Whatmann No. 1 filter paper, neutralized with BaC0 3 , 
filtered through Whatman No. 1 and No. 5 filter papers, decolorized by addition of 
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0.5 % (w/v) activated charcol and filtered again through Whatman No. 1 and No. 5 
filter papers. About 400 mL of hydrolysate were applied to a column (2.4 x 20 cm) 
containing 100 mL of Dowex AG 2-X8 anion exchange resin in the acetate form 
previously equilibrated with 20 mM NaOAc. Subsequently, the column was washed 

5 with 2 bed volumes of 2 mM NaOAc, 1 bed volume of H 2 0 and the Cba was eluted 
isocratically with 1.4 N HOAc at 3 mL-min*\ Fractions were analyzed by TLC (silica 
gel impregnated with 0.2 NaH 2 P0 4 in HOAc - nBuOH - H 2 0 = 3:3:2), which was 
developed by spraying with 0.9% FeCl 3> 0.55%orcinol in acidified ethanol and 
heating with a hairdryer. Pooled fractions containing putative Cba (1-5 bed volumes) 

10 were reduced to dryness by rotary evaporation at 60°C. A white amorphous material 
was obtained. 

Confirmation of the molecular structure of Cba, A few mg of the 
putative Cba sample were permethylated (see Dell A. "Preparation and desorption mass 
spectroscopy of permethyl and peracetyl derivatives of oligosaccharides" Metk 

15 Enzymol 193:647-660, 1990) and analyzed by GC-MS to determine purity and 
molecular weight (see Garcia-Raso A., Paez M.I., Martinez-Castro I., Sanz J. and Calvo 
M.M. "Gas chromatographic retention of carbohydrate trimethyl ethers" J. 
Chromatogr. 607:221-225, 1992). For NMR analyses, about 30 mg of the putative Cba 
sample were dried overnight in a desiccator under reduced pressure, dissolved in 1 mL 

20 D 2 0, reduced to dryness by rotary evaporation and dissolved again in 1 mL D 2 0 
containing a few crystals of sodium trimethylsilyl-3-propionate-<i4 as internal standard. 
'H-NMR, 13 C-NMR, COSY, TOCSY and H-C correlation spectra were recorded on a 
500 MHz spectrometer. To facilitate assignment of proton and carbon signals, 
'H-NMR and 13 C-NMR spectra of cellobiose were recorded under identical conditions 

25 (see Hall L.D., Morris G.A. and Sukumar S. "Resolution and assignment of the 270- 
MHz proton spectrum of cellobiose by homo- and heteronuclear two-dimensional 
NMR" 1 Am. Chem. Soc. 102:1745-1747, 1980). 

Acid hydrolysis of Gellan gum yielded three major products: Glc, Rha 
and a third compound, which was assumed to be Cba. A small amount of GlcA could 

30 be detected as well (Figure 2a). The putative Cba was purified by anion exchange 
chromatography. GC-MS analysis displayed two closely eluting peaks with m/z = 486.2 
(Figure 2b). Permethylated Cba should have a molecular weight of 468.5. Hence, 
these data supported the assumption that purified compound was Cba. They further 
suggested that the Glc moiety of Cba existed as a mixture of both anomers. 

35 NMR spectral analysis was used to elucidate the molecular structure of 

the putative Cba sample. Comparison of proton and carbon signals with those of 
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cellobiose allowed assignment of most resonances of the GIc subunit of Cba. However, 
proton signals between 3.5 and 3.7 ppm overlapped strongly and multiple signals 
generated by the mixture of a and P anomers of the Glc subunit further complicated the 
spectrum (Figure 3). For these reasons, a combination of COSY, TOCSY and H-C 
5 correlation spectra was used to unambiguously assign the remaining signals. This 
assignment provided definite evidence that the purified compound is Cba (Table 1). 
NMR data further confirmed that the Glc subunit exists as a mixture of two anomers, 
which explains the two closely eluting peaks of identical molecular weight observed by 
GC-MS. 

10 

From the foregoing, it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not to be limited except as by the appended 
15 claims. 
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CLAIMS 

What is claimed is: 

1 . A method of preparing cellobiuronic acid comprising; 

exposing polysaccharide to partially hydrolyzing conditions to produce a 
hydrolysate comprising saccharides, the saccharides comprising cellobiuronic acid; and 
isolating the cellobiuronic acid; wherein, 

the polysaccharide comprises oxidized and nonoxidized monosaccharide 
residues where oxidized monosaccharide residues are not directly bonded together, and the 
oxidized monosaccharide residues comprise at least 10% of the total number of residues. 

2. The method of claim 1 wherein the polysaccharide has not previously 
been subjected to a synthetic oxidation process. 

3. The method of claim 1 wherein the polysaccharide comprises residues 
of glucuronic acid and other monosaccharides selected from the group consisting of fructose, 
galactose, mannose and rhamanose. 

4. The method of claim 1 wherein the oxidized monosaccharide residues 
comprise at least 40% of the total of the residues. 

5. The method of claim 1 wherein the oxidized monosaccharide residue 
comprises a carboxylic acid group. 

6. The method of claim 1 wherein the oxidized monosaccharide 
comprises a carboxylic ester group. 

7. The method of claim 1 wherein the polysaccharide is gellan. 

8. The method of claim 7 wherein the gellan is clarified gellan. 

9. The method of claim 7 wherein the gellan is deacetylated gellan. 
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10. The method of claim 1 wherein acid hydrolysis is used to produce the 

hydrolysate. 

11. The method of claim 1 wherein the hydrolysate comprises about 30 to 
about 60 wt% disaccharide based on the total weight of saccharides in the hydrolysate. 

12. The method of claim 1 wherein the hydrolysate comprises about 40 to 
about 50 wt% cellobiuronic acid based on the total weight of saccharide in the hydrolysate. 

13. The method of claim 1 wherein the hydrolysate comprises at least 70 
wt% monosaccharide and disaccharide, based on the total weight of saccharide in the 
hydrolysate. 

14. The method of claim 1 wherein the hydrolysate comprises at least 60 
wt% of monosaccharide and disaccharide, based on the total weight of polysaccharide. 

15. The method of claim 1 wherein the hydrolyzing produces a 
hydrolysate comprising at least 100 grams of cellobiuronic acid. 

16. The method of claim 1 wherein the hydrolyzing produces a 
hydrolysate comprising at least 1,000 grams of cellobiuronic acid. 

17. The method of claim 1 wherein the isolation provides a separation of 
disaccharide from both monosaccharide and oligosaccharide. 

18. The method of claim 1 wherein the isolation comprises anion exchange 
chromatography. 

19. The method of claim 1 wherein the isolation comprises precipitation. 

20. The method of claim 1 wherein the isolated cellobiuronic acid is 
essentially free from glucose. 



21. 



The method of claim 1 wherein at least 100 grams are isolated. 
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22. A method of hydrolyzing polysaccharide comprising contacting 
polysaccharide with a hydrolyzing agent selected from the group consisting of acid, base and 
hydrolytic enzyme, under conditions that provide a hydrolysate comprising disaccharide and 
monosaccharide, wherein the disaccharide comprises cellobiuronic acid, and the 
cellobiuronic acid is present in the hydrolysate at a concentration of at least 5 wt% based on 
the total weight of polysaccharide, and wherein the polysaccharide has not previously been 
subjected to oxidizing conditions. 

23. The method of claim 22 wherein the polysaccharide is gellan. 

24. The method of claim 23 wherein the gellan is selected from the group 
consisting of native gellan gum, clarified gellan gum, deacetylated gellan gum and gellan 
gum that is both clarified and deacetylated. 

25. The method of claim 22 wherein the hydrolysate comprises at least 20 
wt% cellobiuronic acid based on the total weight of polysaccharide. 

26. The method of claim 22 wherein the hydrolysate comprises at least 
100 grams of cellobiuronic acid. 

27. The method of claim 22, further comprising separating cellobiuronic 
acid from monosaccharide. 

28. The method of claim 22, further comprising isolating an anionic 
fraction comprising cellobiuronic acid from a neutral fraction comprising one or more 
monosaccharides. 

29. The method of claim 22, further comprising separating 
monosaccharide and disaccharide from other saccharide species present in the hydrolysate. 

30. The method of claim 22, further comprising separating 
monosaccharide from disaccharide, wherein the disaccharide comprises cellobiuronic acid. 
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31. The method of claim 22, further comprising isolating cellobiuronic 
acid in a solvent-free form. 

32. A method of hydrolyzing gellan comprising contacting gellan with an 
aqueous composition having a pH between 2 and 7, under conditions effective to partially 
hydrolyze the gellan to cellobiuronic acid, and separating the cellobiuronic acid from water. 
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